ABSTRACT: Essential oil (EO) from Origanum majorana L. (Lamiaceae) shoots, extracted by hydrodistillation from plant cultivated under control and salt conditions. Essential oil composition was determined by GC-MS. Plant material was harvest at three vegetative stages; early (EVS), late (LVS) and early flowering (P.F.S). Essential oil yield were 0.11% and 0.071 for E.V.S, 0.19% to 0.37% for L.V.S 0.23% and 0.47% for P.F.S, at the control and in the presence of 75 mM NaCl, respectively. Salt stress and development of vegetative stage affected the formation of the major compounds: cis-sabinene hydrate and terpinene-4-ol. Leaves were observed with scanning electron microscope (SEM), to determined trichomes number, size and distribution. Results showed that globular trichome density decrease with leaf maturity but increased with salinity.
INTRODUCTION
Glandular and non glandular trichomes are known to be present on the surfaces of leaves (BAATOUR et al. 2012) . Previous reports have shown that there are glandular and non glandular trichomes that function in plants to protect it. It seemed that under salinity, leaves are more involved in essential oil production (BAATOUR et al. 2012) . Number of environmental conditions factors have high impact on the performance of plant including EO content and composition (FAROOQI et al. 1999) .
Salinity is one of the major factors that affect essential oil biosynthesis and secretion (HEUER et al. 2002) . In Tunisia, salt-affected soils cover about 10% of the total area of the country (HACHICHA, 2007) . Thus it is important to consider this factor in every study. Lamiaceae is the important family of aromatic and medicinal plant, it is known for its popular species such as, basil, lavender, thyme or clary sage (Salvia sclarea) and oregano. Among this later genus Origanum majorana Syn. Majorana hortensis (M.), is one of the most common medicinal and aromatic species in Tunisia. Its essential oil was known for its antimicrobial (MOHAMMED et al. 2011) , antimutagenic (AL-HARBI, 2011) antihyperglycemic, antilipidemic (AL-HARBI, 2011) and antiulcer ) and antioxidant activity (BAATOUR et al. 2012 c) . It is used in perfumery for its spicy fragrance and herbaceous notes (FILIPPO et al.2000) . Origanum majorana L., as described by Wagner et al. (2004) in most Lamiaceae species, we have observed epidermal trichomes in leaves and stems. Trichomes were divided into two subcategories, glandular and non-glandular (BAATOUR et al. 2012) . Three type of EO secretion referred to their contrast dark red droplets, clear lipids droplets, secretion of lucid appearance were seen under cuticule of head cells of peltate trichomes (BAATOUR et al. 2012) . Many phytochemical studies have been conducted to investigate the chemical composition of Origanum majorana L. In our knowledgment, there is no study in salt effect on: i) glandular distribution, ii) EO content and composition at development staged. Except study of Karray et al. (2009) in Mentha Pulegium, who reported that under saline condition, glandular trichomes exhibited no visible reduction in their sizes, maintained the same distribution between leaf sides in young as well as in mature leaves. But, there is an increased in the densities of the two types of glandular trichomes (peltate and capitate). That's why in the present work we investigate, the effect of salinity on Tunisian O. majorana shoot essential oil content at three development stage, and we explained to understand the phenomenon through a study concerning trichomes distribution under saline and non-saline conditions.
MATERIAL AND METHODS

Plant material
Marjoram seeds (collected in 2010) were taken from a local plant nursery at Nabeul 
Essential oil isolation, identification and quantification Isolation
A 50 g portion of air-dried material was subjected to hydrodistillation for 90 min in a simple laboratory according to Msaada et al. (2007) . Quikfit apparatus consisting of a 1 L steam generator flask, a distillation flask, a condenser and a receiving vessel. The obtained distillate was extracted using diethyl ether as solvent and dried over anhydrous sodium sulfate. The organic layer was then concentrated at 35
• C in a Vigreux column and the essential oil was stored at −20°C until analysis. In order to quantify the essential oil constituents, 6-methyl-5-hepten-2-one was used as an internal standard. Essential oil isolation was done in triplicate.
Identification and quantification
GC-FID: Gas chromatography analysis was carried out on a Hewlett-Packard 6890 gas chromatograph equipped with a flame ionization detector (FID) and an electronic pressure control (EPC) injector. A polar HP Innowax (PEG) column and an apolar HP-5 column (30 m × 0.25 mm, 0.25 µm film thickness) were used. The carrier gas (N 2 , U) flow was 1.6 ml min -1 and the split ratio 60:1. EO analysis was performed using the following temperature program: oven temps isotherm at 35°C for 10 min, from 35 to 205°C at the rate of 3°C min-1 and isotherm at 225°C during 10 min. Injector and detector temperatures, were held, respectively at 250 and 300°C .
GC-MS: GC-MS analysis was performed on a gas chromatograph HP 5890 (II) interfaced with a HP 5972 mass spectrometer with electron impact ionization (70 eV). A HP-5MS capillary column (30m ×0.25 mm, 0.25 µm film thickness) was used. The column temperature was programmed to rise from 50 to 240°C at a rate of 5°C min -1 . The carrier gas was helium with a flow rate of 1.2 ml min -1 ; split ratio was 60:1. Scan time and mass range were 1 s and 40-300 m/z, respectively (Baatour et al. 2010).
Scanning electron microscopy (SEM)
Leaves from the top (third node from the apex) and the base (tenth node from the apex) of control and treated plants were harvest for each treatment, without causing any damage to the surfaces, 10 fresh leaves were observed on the two faces by a FEIQUANTA 200 environmental scanning microscope.
Statistical analysis
All data were subjected to analyses of variance and means were separated using Duncan's multiple range test at a 5%.
RESULT AND DISCUSSION
Variation of essential oil yield and composition with leaf age and salinity
Essential oil (EO) yields from O. majorana shoots, varied with stages (Table.1). In the control, EO yield increased by about 1.61 times and 2.32 times respectively at L.V.S and P.F.S. as compared to EVS (Table. 1). At 75 mM NaCl, this yield decreased significantly by about 0.6 times at EVS, but increased by about 1.94 and 2 times at L.V.S. and P.F.S., respectively. The increase at LVS was in agreement of most previous works such as those of Verdian-Rizi (2008) Values (means of three replicates± SD) with different superscripts (a-b) are significantly different at P < 0.05 between salt levels within each vegetative stage; RI retention indices relative to n-alkanes on aHP-5 and bHP-Innowax columns; not detected: Nd;not identified: Ni At L.V.S., the major constituents were cissabinene hydrate (16.33 µg/g DW) and terpinene-4-ol (10.75 µg/g DW) at control ( At early vegetative stage, the chemotype changed from trans sabinene hydate/terpinene 4-ol in the control to became sabinene/cis-sabinene hydrate at salt treatment.
2.
Cis -sabinene hydrate/terpinene-4-ol characterizing the late vegetative stage and early flowering stage.
In P.F.S., the high content of one or both of these two compounds in EO followed by linalool and β-tujone, could be explained by trichomes distribution.
Some study such as Rodrigues's (2002) , have reported that terpinene-4-ol was the major component flowed by ɤ-terpinene and cis-sabinene hydrate. In Argentinean O.majorana EOs, terpinene-4-ol and trans-sabinene hydrate seemed to be the main components (Banchio et al. 2008) .
In our species and at the control, essential oil extract at the three stages delaminated contained respectively 3.963; 11.323, 6.60 µg/ DW monoterpene hydrocarbons and 22.750; 42.93, 52.04 µg/ DW terpenes alcools. At 75 mM NaCl, it contained respectively 9.168; 0.01; 27.33 µg/ DW monoterpene hydrocarbons and 9.163; 0.22; 172.67 µg/ DW terpene alcools (Table 2) .
When comparing our result to some data, it seems as mentioned by Hamrouni et al. (2009) and Davaranauskaite et al. (2009) that EO yield, composition and classes could be affected by physiological stage.
The accumulation of EO during the P.F.S. could be related to ecological roles such as intensifying antifungal defences and attracting pollinators. To obtain favoured EO content, we suggest to harvest O. majorana at P.F.S. To better explained the improvement in EO yield with salt and development of vegetative stage in shoots of O. majorana under environmental stress conditions, we accomplish a study on trichomes distribution responsible for the production of these secondary metabolites 
Variation of trichome density with leaf age and salinity
Origanum majorana leaf has a typical dorsiventral structure. It is composed of an heterogenous mesophyll, typical of dicotyledones; its palisade parenchyma is made of three to four layers of elongated cells. Spongy parenchyma, consists of two to three layers of cells. The leaf is caracterised by a reticulate venation. The midrib vein is surrounded by a sheath of parenchymatous cells and protected on the dorsal and ventral sides by three to four assizes of collenchymateuses cells. The leaf is enveopped by an unistratified epidermis, covered with thick cuticule. Epidermis cells were remarkably thicker on the ventral side.
As previously study at EVS by Baatour et al. (2012) has been confirmed by in this paper. In fact, all leaves of Origanum majorana L. had nonglandular and glandular trichomes on both surfaces (Figure 1: A, A' ). The number of non-glandular trichomes increased at 75 mM NaCl at each vegetative stage (Figure 2 ). The density of trichomes, including nonglandular and glandular, gradually decreases with leaf maturity. The surface of young leaves is covered by important number of non glandular trichomes (23±0.01 c ) and (36±0.24 a ) respectively at 0 mM and 75 mM NaCl. As the leaf expands, the number and density of these trichomes decrease (Table 3) .
Salinities increase the densities of the glandular trichomes at EV, LV and PF stages of development to reach (36±0.24 a ), (34±0.14 b ) and (25±2.01 c ) respectively as compared to control (23±0.01 c ), (19±0.34 d ) and (9±0.14 e ).
Our result was in agreement of several studies. In fact, Gruenwald et al. (1998) , affirmed that stress may increase the absolute number of glands produced before leaf emergence. In this investigation, Farooqi et al. (1999) explained the increase of their density on leaves under environmental stress conditions by the fact that salttreated plants exhibit less leaf area. The improvement of their density in M. pulegium under salt stress could explain the enhancement of EO yield. In our findings, the functional role of trichomes leaf maturity becomes less important and they therefore senesce or shrivel. Our results are in agreement with Gairola et al. (2009) . Other contrasting works have reported that trichomes remain functional in mature
In our result the development of stages in leaves increase the content of terpene alcools at control treatment to reach 22.75, 42.93 and 52.04 (Table. 2). The controversy was observed with salt treatment except the P.F.S. In fact the values were respectively 9.16, 0.22 and 172.67 at E.V.S, L.V.S and P.F.S at 75 mM (Table 2) .
Thus our result was contradictory or can't be explained to Meng et al. (2012) , who showed that the greater number of glandular trichomes on the leaves was in relation with the higher amount of terpene substances. This is due to the fact that the glandular trichomes are the main leaf sites of terpene biosynthesis and possess a complete enzymatic equipment.
Glandular trichomes secrete various types of compounds. A growing body of experimental evidence shows that terpene biosynthesis takes place within these trichomes (SIEBERT, 2004) . Terpenes usually constitute the major lipophilic components of these secretions. The secretions of glandular trichomes have been exploited by humans for a number of uses (Schilmiller et al. 2008) . These secretions was previously studied with Baatour et al. (2012) . There is also a general understanding that salt-stressed conditions could be favour the production of plant secondary metabolites such as essential oils and density of trichomes.
CONCLUSION
The trichome density, including nonglandular and glandular, gradually decreases with leaf maturity and increased with salinity. It seems that under salinity, young leaves are less involved in essential oil production than mature leaves. Thus to obtain favoured EO content O. majorana must be harvest at PFS and treated with salinity.
